ABSTRACT.--Although many aspects of hummingbird biology have been studied, few recent analyses of higher-level systematic relationships exist. Based on morphology, it has been hypothesized that the Trochilidae includes six major clades. We used starch-gel electrophoresis to construct and test phylogenetic hypotheses for representatives of the six clades, using two species of swifts (Apodidae) as outgroups. Of 45 loci scored, 38 were polymorphic. The average Nei's genetic distance (D) among 14 hummingbird taxa was 0.625; D averaged 1.61 between the swifts and hummingbirds. These distances are large, and are consistent with other nonpasserine groups, suggesting that hummingbird taxa are relatively old. Phylogenetic analyses generally were consistent with the hypothesis that hermits are a sister group to all other trochilines. Within the Trochilinae, two broad groups are recognized, here called trochiline-A and B, which correspond to the morphologically determined "primitive" and "advanced" trochiline groups of Zusi and Bentz (1982). Androdon aequatorialis is genetically distinct but generally aligns with the trochiline-A group. Within the trochiline-B group, four radiations hypothesized by Zusi (pers. comm.), here called Bee, Amazilia ("Emeralds"), Andean, and High Andean, were corroborated by our analyses. Our distance analysis suggests a phylogenetic pattern consistent with that derived from Sibley and Ahlquists ' (1990) , which involved 26 species, provided a molecular phylogenetic hypothesis for the major clades in the family. We report an allozymic survey of major groups of hummingbirds designed to test phylogenetic hypotheses derived from previous morphological and DNA-DNA hybridization analyses.
GERWIN AND ZINK
[Auk, Vol. 115 of plesiomorphic characters relative to the sister group of hummingbirds before it would be "primitive" in any sense. Also, within trochilines, if there are only two groups, neither can be primitive in a phylogenetic tree. From his work on comparative myology, using the swifts (Apodidae) as the outgroup, Zusi (pers. comm.) suggested as a working hypothesis: (1) that the trochiline-A group included Androdon, Schistes, Colibri, Doryfera, and close relatives; and (2) that four major clades exist within the trochiline-B group: Bee, High Andean, Andean, and Amazilia ("Emeralds"). By selecting at least two representatives of each major group to reflect hummingbird diversity, our phylogenetic analysis of allozyme variation provides a higher-level phylogenetic hypothesis that can be compared with those generated from other data sets.
Most modern molecular studies of phylogeny rely on DNA sequences (Hillis et al. 1996). However, phylogenetic hypotheses based on allozymes and mitochondrial DNA often are topologically consistent ( (Swofford et al. 1996) . In our study, we compare tree topologies from allozymes and DNA-DNA hybridization (Bleiweiss et al. 1997). Although both are based on information from the nuclear genome, each is likely an independent estimate of phylogenetic relationships. Hence, congruence of tree topologies can be used as a measure of confidence in the phylogenetic hypothesis.
MATERIALS AND METHODS
We used standard horizontal starch-gel electrophoresis to investigate patterns of genetic variation among 14 taxa (Zusi pers. comm.): Glaucis and Phaethornis represent the hermit, or phaethornine line; Androdon, Colibri, Schistes, and Doryfera the trochiline-A group; Acestrura and Selasphorus the "Bee" line; Amazilia and Campylopterus the "Amazilia" (Emerald) group; Aglaeactis and Coeligena the "An- Gem group, of which we had no representatives. For simplicity, we use Zusi's names, except for using Emerald in place Amazilia, because confusion results from naming a group after one of the genera in it. We included two species of swifts (Apodidae; Reinarda squamata, Chaetura cinereiventris) that served as outgroups (see Appendix 1). Although inferences based on low numbers of specimens have been criticized (Archie et al. 1989), in our study genetic distances were sufficiently high that our patterns likely are robust to small sample sizes of individuals. Most specimens were collected over several years during expeditions to various regions of the Neotropics. Samples of tissues were preserved in liquid nitrogen in the field until transferred to the Louisiana State University Museum of Natural Sciences (LSUMNS), where they were stored at -70øC (see Johnson et al. [1984] for details of collection and preservation methods). Voucher specimens (study skins and tissue samples) are housed at the LSUMNS.
Samples of pectoral and heart muscle and liver (total volume of tissue was approximately 0.5 cc) were placed in 0.8 mL of grinding buffer consisting of 10 rng NADP and 100 }xL of 2-mercaptoethanol in 100 mL distilled water (Richardson et al. 1986) and ground for 10 to 15 s using a Tekmar Tissuemizer.
These crude homogenates were then centrifuged at 36,000 x g for 30 min, and the supernatant was stored at -70øC. Six aliquots of 20 }xL of each sample were stored separately and used for the first six gels, and the rest of the homogenate was stored in individual vials. Forty-five presumptive genetic loci were scored (Table 1) , with alleles coded in reference to their mobility from the origin. The most cathodal alleles were coded "a,"with subsequently faster alleles coded as "b," "c," and so on. Multiple isozymes at a locus were also coded by mobility. The most anodally appearing isozymes were coded as "1," with the more cathodal isozymes coded as "2," "3," and so on. Acronyms for loci follow Harris and Hopkinson (1976 exhibited some polymorphism (at least two alleles found across all taxa; Table 1 ). Seven loci were monomorphic and fixed for the same allele in all taxa (Gapdh, Got-2, HK, Lap, Odh-1, SOD-I,2). Of the 38 polymorphic loci, five were nearly monomorphic and exhibited only two alleles: AcP-2, AK-2, Ldh-1, Mdh-1, ME-2.
Three loci (Glud, Got-1, PK-2) were monomorphic and fixed in the Trochilidae for an allele that differed from the outgroup (Apodidae). Overly distant outgroups can bias tree topology and interpretation by altering the ingroup topology or by placing the root randomly along the longest branch within the ingroup (Smith 1994). Because of the relatively great distance from the outgroups to the hummingbirds, we excluded the swifts and recomputed maximum parsimony trees. We found 102 equally parsimonious trees (length 127, CI = 0.84, R! = 0.68), the strict consensus of which supports the two trochiline groups, but places Androdon sister to them. However, this topology would result from excluding the swifts from Fig. 2 and rerooting at one of the hermits. Inclusion of the swifts (Fig. 2) . data) . Surprisingly, cladistic analyses (Fig. 2) did not support the longstanding division into hermits and trochilines. Although our use of the swifts apparently did not bias ingroup relationships, a traditional topology (Fig. 3 ) required 180 steps, only two steps longer than the most parsimonious trees (178). Lack of a clear signal for the basal relationships likely contributes to the different placement of the hermits in the cladistic analysis in which relatively few characters support major groupings (Fig. 3) Of the 25 genera and 26 species used by Bleiweiss et al. (1997), eight genera and only three species were common between our studies. Thus, different groups of species were used to represent the major lineages. Although different numbers of species were used in each study, it is exceedingly unlikely that our topologies would match by chance. An obvious reason for the match is that both trees recover phylogeny; in theory, another reason might be that each analysis is biased by homoplasy in the same way. Although we found conflicting support for the relationships in Figure 1 in our alternative analyses, we suggest that the congruence between the DNA-DNA hybridization (Bleiweiss et al. 1997 :figure 2) and our allozyme distance tree (Fig. 1) • A = anodal mobility; C = cathodal mobility.
